In this article, a geometrical model of different microtextures is established for an axial piston pump valve plate. A finite differential method was used to solve the Reynolds equation for the oil film thickness and pressure, which were simulated under different microtextures. The influence of microtexture shape and structure on performance was studied and optimal parameters sought. Different convergence gaps are formed by different microtexture radii, and they produce different hydrodynamic effects. The lubrication characteristics of the valve plate are better when a microtexture is used and are influenced by the type of microtexture. We reached the following conclusions: (1) The lubrication characteristics of the valve plate are influenced by different microtexture parameters and can be improved by optimizing the microtexture parameters; (2) There is an optimal parameter combination when adding microtexture with three shapes (spherical, cylindrical and square) and the optimal dimensionless oil film pressure lubrication characteristics can be obtained; (3) The degree of improvement in the dimensionless oil film pressure lubrication characteristics was (listed from highest to lowest): micro-hemispherical texture > micro-cylindrical texture > micro-square texture.
Introduction
The valve plate is an important component of an axial piston pump, which is a widely used hydraulic power component. Modern hydraulic transmission technology generally aims to achieve improvements at high-speed and high-pressure, with strict conditions on the working performance and service life of the valve plate. Numerical analysis has previously been carried out in order to express the mixed lubrication characteristics between the valve plate and cylinder block in the swash-plate type piston pump and motor [1, 2] .
Surface texturing is the design of a specific shape, size, and arrangement of the surface of a friction pair by means of physical and chemical methods. The surface texturing acts as a micro fluid hydrodynamic lubrication bearing under different conditions, enhances the hydrodynamic effect and improves the bearing capacity [3, 4] . The lubricant reservoir provides continuous lubrication, and captures the wear particles to reduce the furrows [5] . Surface texturing is a widely used approach to improve the load capacity, wear resistance, and friction coefficient of tribological mechanical components [6] [7] [8] , including sliding surfaces [9, 10] . Surface texture can also improve the running-in paper focuses on the research of the surface texture field and optimize the parameters of microtexture. Three different microtexture shapes and parameters were selected to study their effects on lubrication characteristics. A finite differential method was used to solve the Reynolds equation for the oil film thickness and pressure, which were simulated under different microtextures. The influence of microtexture shape and structure on performance was studied and optimal parameters sought. It was found that the processing of a certain regular texture on the surface of the friction pair can improve the friction characteristics and lubrication effect between the friction pairs, in which the shape of the texture geometrical parameters is one of the key factors, and only in the appropriate range will have excellent lubrication effect; otherwise, it is counterproductive. There is an optimal parameter combination when adding microtexture with three shapes and the optimal dimensionless oil film pressure lubrication characteristics can be obtained.
Establishment and Solution of Microtexture of Valve Plate
Tribological properties can be optimized by adjusting the shape and parameters of the surface texture. The microtexture model of different types and parameters (including spherical, cylindrical, and square) was established based on the mathematical model of the valve plate under hydrodynamic lubrication conditions. Figure 1 shows the geometry of a micro-hemispherical texture element relative to the surface of the valve plate. The cylinder block is located in the upper part of the graph, while the micro-hemispherical texture is located in the lower part of the graph. Figure 1a is the front view of the mathematical model for the micro-hemispherical texture's depth, while Figure 1b is the top view of the mathematical model. We defined h p as a distance from the bottom center of micro-hemispherical to the surface of valve plate, r p is the radius of the micro-hemispherical texture, while r is the distance from point A on the micro-hemispherical to its center. different microtexture shapes and parameters were selected to study their effects on lubrication characteristics. A finite differential method was used to solve the Reynolds equation for the oil film thickness and pressure, which were simulated under different microtextures. The influence of microtexture shape and structure on performance was studied and optimal parameters sought. It was found that the processing of a certain regular texture on the surface of the friction pair can improve the friction characteristics and lubrication effect between the friction pairs, in which the shape of the texture geometrical parameters is one of the key factors, and only in the appropriate range will have excellent lubrication effect; otherwise, it is counterproductive. There is an optimal parameter combination when adding microtexture with three shapes and the optimal dimensionless oil film pressure lubrication characteristics can be obtained.
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Establishment and Solution of Microtexture of Valve Plate
Tribological properties can be optimized by adjusting the shape and parameters of the surface texture. The microtexture model of different types and parameters (including spherical, cylindrical, and square) was established based on the mathematical model of the valve plate under hydrodynamic lubrication conditions. Figure 1 shows the geometry of a micro-hemispherical texture element relative to the surface of the valve plate. The cylinder block is located in the upper part of the graph, while the microhemispherical texture is located in the lower part of the graph. Figure 1a is the front view of the mathematical model for the micro-hemispherical texture's depth, while Figure 1b is the top view of the mathematical model. We defined hp as a distance from the bottom center of micro-hemispherical to the surface of valve plate, rp is the radius of the micro-hemispherical texture, while r is the distance from point A on the micro-hemispherical to its center. The distance from the micro-hemispherical center to the surface of valve plate can be expressed as follows:
Micro-Hemispherical Texture Oil Film Morphological Equation Modeling of Valve Plate
where y1, R and r are defined in Figure 1 . The sum of the distance from the micro-hemispherical texture center to the surface of the valve plate and the depth of the micro-hemispherical texture is equal to the radius of micro-hemispherical texture, which can be written as:
where: The distance from the micro-hemispherical center to the surface of valve plate can be expressed as follows:
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where:
The distance from the point A of the micro-hemispherical texture to the bottom of the microtexture is:
where r is the distance from point A to micro-hemispherical texture's center, which can be calculated as:
where dx and dy are the local coordinates of the micro-hemispherical texture. The distance from point A to the surface of the microtexture is:
When Equations (1)- (5) are incorporated into Equation (6), we can obtain:
We defined θ as circumferential angle at a point, φ is the cylinder block tilt angle. Therefore, the oil film thickness equation formed by the micro-hemispherical texture and the tilted cylinder block is: Figure 2 shows the geometry of a micro-cylindrical texture element relative to the surface of valve plate. We defined h p as a distance from the bottom center of micro-cylinder to the surface of valve plate, h 0 is the initial oil film thickness, while r is the distance from point A on the micro-cylindrical texture to its center. This can be calculated as follows:
Micro-Cylindrical Texture Oil Film Morphological Equation Modeling for Valve Plate
where dx and dy are the local coordinates of the micro-cylindrical texture. Therefore, the oil film thickness equation formed by the micro-cylindrical texture and the tilted cylinder block is:
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where dx and dy are the local coordinates of the micro-cylindrical texture. Therefore, the oil film thickness equation formed by the micro-cylindrical texture and the tilted cylinder block is: Figure 3 shows the geometry of a micro-square texture element relative to the surface of valve plate. In this figure, h p is the distance from the bottom center of micro-square to the surface of valve plate, a is the side length of micro-square, and dx and dy are the local coordinates of the micro-square. Therefore, the oil film thickness equation formed by a micro-square and a tilted cylinder block is:
Micro-Square Texture Oil Film Morphological Equation Modeling for Valve Plate
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where: The structure parameters of the microtexture are listed in Table 1 . The structure parameters of the microtexture are listed in Table 1 . Figure 4 shows the flow chart for calculating the oil film thickness and pressure of valve plate with microtexture. When solving for the oil film thickness and pressure of a microtexture element on a valve plate, we must first determine the parameters of the valve plate and microtexture, then divide the valve plate's model into meshes. We solved the Reynolds equation using the finite difference method, after setting boundary conditions. Two cases should be considered when calculating the oil film thickness of microtextures: one is when the mesh point is in the microtexture; the other case is when the mesh point is not in the microtexture. method, after setting boundary conditions. Two cases should be considered when calculating the oil film thickness of microtextures: one is when the mesh point is in the microtexture; the other case is when the mesh point is not in the microtexture. 
Oil Film Thickness and Pressure Distribution of a Valve Plate without Microtexture
Figures 5 and 6 show the distributions of the oil film thickness and pressure. We show a threedimensional and two-dimensional result. The figures were generated using (Fortran Algorithm Description, John Backus, New York, NY, USA) and (Matlab Plotting Software Description, MathWorks, Natick, MA, USA).
Solution of Oil Film Pressure of a Valve Plate without Microtexture
Two-dimensional polar coordinates Reynolds equation as follows. 
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Solution of Oil Film Pressure of a Valve Plate without Microtexture
Two-dimensional polar coordinates Reynolds equation as follows.
∂ ∂x
The oil film in the contact area was ring-shaped. Converting the rectangular coordinate system into polar coordinate system, the following is obtained.
The two-dimensional polar coordinates-based Reynolds equation can be simplified as follows:
∂ ∂r
Discretization along the X and Y directions was undertaken using the following: Discretization:
where: A = r i+0.5,j h 3 Figure 5 shows the distribution of the oil film thickness for the valve plate by theoretical calculation and simulation. Figure 5a is a three-dimensional diagram of the thickness distribution. Figure 5b is a two-dimensional diagram of the wedge oil film thickness.
Distribution of Oil Film Thickness across the Valve Plate
The thickness of the wedge-shaped oil film varies with the inclination of the cylinder block. The oil is thicker at the top and thinner at the bottom, while there is no oil film in the center. Figure 6 shows the oil film pressure distribution across a valve plate. Figure 6a is a three-dimensional representation of the oil film pressure distribution. Figure 6b is the two-dimensional oil film pressure distribution diagram.
Distribution of Oil Film Pressure across the Valve Plate
Local high pressure is generated in the gap convergence region along the rotating direction of cylinder (counterclockwise), thus making the distribution of oil film pressure non-linear in the sealing belt. This creates an offset load torque and causes a dynamic change in the wedge-shaped oil film. In this figure, the oil film pressure increases in the second quadrant where the hydrodynamic effects are obvious, while the oil film thickness is larger in the low pressure zone.
Oil Film Thickness and Pressure Distribution of a Microtextured Valve Plate
The number of microtextures on the surface of the valve plate are shown in Table 2 . The pressure in the high-and low-pressure zone was set to 101,325 Pa, while the external pressure was set to 101,325 Pa. Figure 7 shows the oil film thickness distribution of the valve plate with micro-hemispherical texture. Figure 7a is the three-dimensional distribution graph of the oil film thickness, Figure 7b is the two-dimensional distribution graph and Figure 7c is a local magnification graph of 7a. Figure 8 shows the oil film pressure distribution of a valve plate with micro-hemispherical texture. The local high pressure was produced by machining the micro-hemispherical texture. Figure 8a is the three-dimensional distribution graph, Figure 8b is the two-dimensional distribution graph and Figure 8c is a locally magnified view of 8a. The micro-hemispherical texture was arranged on the surface of the valve plate. Figure 7 shows the oil film thickness distribution of the valve plate with micro-hemispherical texture. Figure 7a is the three-dimensional distribution graph of the oil film thickness, Figure 7b is the two-dimensional distribution graph and Figure 7c is a local magnification graph of 7a. Figure 8 shows the oil film pressure distribution of a valve plate with micro-hemispherical texture. The local high pressure was produced by machining the micro-hemispherical texture. Figure  8a is the three-dimensional distribution graph, Figure 8b is the two-dimensional distribution graph and Figure 8c is a locally magnified view of 8a. The micro-hemispherical texture was arranged on the surface of the valve plate. Figure 9 shows the oil film thickness distribution of a valve plate with micro-cylindrical texture. Figure 9a is the three-dimensional distribution graph; Figure 9b is the two-dimensional distribution graph; and Figure 9c is the local magnification graph. Figure 11 shows the oil film thickness distribution of a valve plate with a micro-square texture. Figure 11a is the three-dimensional distribution graph; Figure 11b is the two-dimensional distribution graph; and Figure 11c is a locally magnified view. The micro-square texture was arranged regularly along the radial and circumferential directions in the Top Dead Center (TDC) and Bottom Dead Center (BDC) of the valve plate. Figure 11 shows the oil film thickness distribution of a valve plate with a micro-square texture. Figure 11a is the three-dimensional distribution graph; Figure 11b is the two-dimensional distribution graph; and Figure 11c is a locally magnified view. The micro-square texture was arranged regularly along the radial and circumferential directions in the Top Dead Center (TDC) and Bottom Dead Center (BDC) of the valve plate. Figure 12 shows the oil film pressure distribution of a valve plate with a micro-square texture. Figure 12a is the three-dimensional distribution graph; Figure 12b is the two-dimensional distribution graph; and Figure 12c is a locally magnified view. Oil film thickness distribution of a valve plate with a micro-square texture: (a) Three-dimensional distribution graph; (b) Two-dimensional distribution graph; and (c) A locally magnified view. Figure 12 shows the oil film pressure distribution of a valve plate with a micro-square texture. Figure 12a is the three-dimensional distribution graph; Figure 12b is the two-dimensional distribution graph; and Figure 12c is a locally magnified view. 
Oil Film Thickness and Pressure Distribution of Valve Plate with Micro-Hemispherical Texture
Oil Film Thickness and Pressure Distribution of a Valve Plate with Micro-Cylindrical Texture
Oil Film Thickness and Pressure Distribution of a Valve Plate with a Micro-Square Texture
11. Oil film thickness distribution of a valve plate with a micro-square texture: (a) Threedimensional distribution graph; (b) Two-dimensional distribution graph; and (c) A locally magnified view. Figure 12 shows the oil film pressure distribution of a valve plate with a micro-square texture. Figure 12a is the three-dimensional distribution graph; Figure 12b is the two-dimensional distribution graph; and Figure 12c is a locally magnified view.
Comparison of the Oil Film Pressure Lubrication Characteristics of Different Microtexture
Figures 7-12 show the distributions of pressure and oil film thickness for three types of microtextures: hemispherical, cylindrical, and square. For each parameter and shape, we show a three-dimensional and two-dimensional result, and there is also a locally magnified image. The figures were generated using (Fortran Algorithm Description) and (Matlab Plotting Software Description).
With a hemispherical microtexture. The oil film thickness increased locally as the hydraulic oil was entered and stored inside the micro-hemispherical texture region. The oil film thickness changed due to the internal depth variation of the microtexture. The micro-hemispherical texture is arranged regularly along the radial and circumferential directions in the BDC and TDC of the valve plate. There are changes in oil film thickness and gaps when the hydraulic oil flowed into and out of the microhemispherical texture region. Positive pressure was generated when the hydraulic oil flowed along the region of convergence formed by the hemispherical structure, resulting in elevation of the local oil film pressure in the hemispherical regions. It is not straightforward to generate positive or negative pressure when the hydraulic oil flows along a region of divergence and thus, it is difficult to generate hydrodynamic effects.
With a cylindrical microtexture. The oil film thickness increased locally as the hydraulic oil entered and was stored inside the micro-cylindrical textured region. The internal depth of the microcylindrical texture did not change, unlike for the micro-hemispherical texture. The oil film region had locally high pressure after machining of the micro-cylindrical texture. Furthermore, the oil film Oil film pressure distribution of a valve plate with a micro-square texture: (a) Three-dimensional distribution graph; (b) Two-dimensional distribution graph; and (c) A locally magnified view.
With a hemispherical microtexture. The oil film thickness increased locally as the hydraulic oil was entered and stored inside the micro-hemispherical texture region. The oil film thickness changed due to the internal depth variation of the microtexture. The micro-hemispherical texture is arranged regularly along the radial and circumferential directions in the BDC and TDC of the valve plate. There are changes in oil film thickness and gaps when the hydraulic oil flowed into and out of the micro-hemispherical texture region. Positive pressure was generated when the hydraulic oil flowed along the region of convergence formed by the hemispherical structure, resulting in elevation of the local oil film pressure in the hemispherical regions. It is not straightforward to generate positive or negative pressure when the hydraulic oil flows along a region of divergence and thus, it is difficult to generate hydrodynamic effects.
With a cylindrical microtexture. The oil film thickness increased locally as the hydraulic oil entered and was stored inside the micro-cylindrical textured region. The internal depth of the micro-cylindrical texture did not change, unlike for the micro-hemispherical texture. The oil film region had locally high pressure after machining of the micro-cylindrical texture. Furthermore, the oil film pressure formed by the micro-cylindrical texture was higher near the outer sealing belt of the valve plate.
Finally, with a square microtexture. The oil film thickness increased locally as the hydraulic oil entered and was stored inside the micro-square texture region. The internal depth of the micro-square texture did not change, unlike for the micro-hemispherical texture. The oil film region produced local high pressure, which was similar to that of the micro-hemispherical texture. The oil film pressure formed by the micro-square texture was higher in the TDC of the microtexture, while the oil film pressure was lower in the BDC of the microtexture. It was different from the influence of the micro-hemispherical texture and micro-cylindrical texture on the pressure of valve plate.
The Influence of Microtexture Radius on the Performance of the Valve Plate
Different microtexture shapes and parameters were selected for the simulation study in order to optimize the oil film carrying capacity, friction coefficient, friction force, and the offset load torque. The microtexture shapes selected were spherical, cylindrical, and square. The radius (half side length) of the micro-hemispherical texture, micro-cylindrical texture and micro-square texture varies from 0.2 to 1.0 mm, while the depth of microtexture varies from 0.02 to 0.07 mm. Figure 13 shows the influence of the micro-hemispherical texture's radius on the performance of the valve plate. Table 3 shows the oil film lubrication characteristic parameter value of micro-hemispherical texture. The radius of micro-hemispherical texture varies from 0.2 to 1.0 mm. ∆(Max − Min) represents the value of maximum minus minimum. There was no change for the dimensionless oil film pressure lubrication characteristics when the radius was 0.2 mm. This indicated that the micro-hemispherical texture had little or no effect on the valve plate. The oil film pressure lubrication characteristics varied differently when depth was kept constant and the radius was increased. This indicated that the oil film pressure lubrication characteristics are affected by the micro-hemispherical radius.
The Influence of Micro-Hemispherical Texture Radius on the Performance of the Valve Plate
1.
The oil film carrying capacity was 5.36 (minimum) when the radius was 0.2 mm, while the oil film carrying capacity was 19.72 (maximum) when the radius was 0.7 mm and the depth was 0.04 mm. Thus, the value could be increased by 14.36 compared to the minimum carrying capacity.
2.
The oil film friction coefficient was 1.0117 (maximum) when the radius was 0.2 mm, while the oil film friction coefficient was 0.2571 (minimum) when the radius was 0.7 mm and the depth was 0.04 mm. The value thus increased by 0.7546 compared to the minimum oil film friction coefficient.
3.
The oil film friction force was 5.4252 (maximum) when the radius was 0.2 mm, and 5.0701 (manimum) when the radius was 0.7 mm and the depth was 0.07 mm. The value thus increased by 0.3551 compared to the minimum oil film friction coefficient.
4.
The oil film offset load torque was 0.001433 (minimum) when the radius of micro-hemispherical texture was 0.2 mm, and 110.41 (maximum) when the radius was 0.7 mm and the depth was 0.04 mm. The optimal value thus increased by 110.4086 compared with the minimum oil film offset load torque. A different convergence gap was formed by different microtexture radius, which produced different hydrodynamic effects. The hydrodynamic effects of the micro-hemispherical texture increased with an increase in radius, within a certain range, however beyond that the hydrodynamic effects decreased due to the interactions within the texture. The optimal oil film lubrication characteristics can thus be obtained by optimizing the micro-hemispherical texture radius. Figure 14 shows the influence of the micro-cylindrical texture's radius on the performance of valve plate. Table 4 shows the oil film lubrication characteristic parameter value of micro-cylindrical texture. The radius of the micro-cylindrical texture ranged from 0.2 to 1.0 mm. ∆(Max − Min) represents the value of maximum minus minimum.
The Influence of Micro-Cylindrical Texture's Radius on the Performance of Valve Plate
1.
The oil film carrying capacity was 5.36 (minimum) when the radius was 0.2 mm, and 10.37 (maximum) when the radius was 0.7 mm and the depth was 0.04 mm. Thus, the value could be increased by 5.01 compared with the minimum oil carrying capacity.
2.
The oil film friction coefficient is 1.0106 (maximum) when the radius was 0.2 mm, and 0.4821 (minimum) when the radius was 0.7 mm and the depth was 0.04 mm. The value thus increased by 0.5285 compared with the minimum friction coefficient.
3.
The oil film friction force was 5.4193 (maximum) when the radius was 0.2 mm, and 4.9517 (minimum) when the radius was 0.7 mm and the depth was 0.06 mm. The value could thus be increased by 0.4676 compared with the minimum friction force.
4.
The oil film offset load torque reached a minimum of 0.001436 when the radius was 0.2 mm, and a maximum of 45.748 when the radius was 0.7 mm and the depth was 0.04 mm. The maximum value was thus 45.7466 greater than the minimum. 8. The oil film offset load torque reached a minimum of 0.001436 when the radius was 0.2 mm, and a maximum of 45.748 when the radius was 0.7 mm and the depth was 0.04 mm. The maximum value was thus 45.7466 greater than the minimum. Figure 15 shows the influence of the micro-square texture's radius on the performance of the valve plate. Table 5 shows the oil film lubrication characteristic parameter value of micro-square texture. The half side length of the micro-square texture was varied from 0.2 to 1.0 mm. Δ (MaxMin) represents the value of maximum minus minimum.
The Influence of Micro-Square Texture's Half Side Length on the Performance of Valve Plate
•
The oil film carrying capacity was 5.43 (minimum) when the half-side length is 0.2 mm, and 6.50 (maximum) when the half-side length was 0.5 mm and the depth was 0.04 mm. The maximum value was thus 1.07 higher than the minimum carrying capacity.
•
The oil film friction coefficient was 0.9069 (maximum) when the half-side length is 0.2 mm, and 0.6848 (minimum) when the half-side length was 0.7 mm and the depth was 0.04 mm. The value could thus be increased by 0.2221 compared to the minimum. Figure 15 shows the influence of the micro-square texture's radius on the performance of the valve plate. Table 5 shows the oil film lubrication characteristic parameter value of micro-square texture. The half side length of the micro-square texture was varied from 0.2 to 1.0 mm. ∆(Max − Min) represents the value of maximum minus minimum.
The oil film friction coefficient was 0.9069 (maximum) when the half-side length is 0.2 mm, and 0.6848 (minimum) when the half-side length was 0.7 mm and the depth was 0.04 mm. The value could thus be increased by 0.2221 compared to the minimum.
The oil film friction force was 4.9876 (maximum) when the half-side length was 0.2 mm, and 4.2649 (minimum) when the half-side length was 0.7 mm and the depth was 0.07 mm. The maximum value was thus 0.7227 more than the minimum.
The oil film offset load torque was 0.0596 (minimum) when the half-side length is 0.2 mm, and 15.273 (maximum) when the half-side length was 0.4 mm and the depth was 0.04 mm.
The maximum value was thus 15.2134 higher than the minimum.
• Figure 16 shows the influence of the micro-hemispherical texture's depth on valve plate performance. The depth of micro-hemispherical texture varied from 0.02 to 0.07 mm. As we can see from the graph, the oil film pressure lubrication characteristics varied differently with an increase in micro-hemispherical depth at the same radius. This indicated that the oil film pressure lubrication characteristics are affected by the micro-hemispherical texture's depth. A different convergence gap is formed by different microtexture depths, which produced different hydrodynamic effects. The Figure 16 shows the influence of the micro-hemispherical texture's depth on valve plate performance. The depth of micro-hemispherical texture varied from 0.02 to 0.07 mm. As we can see from the graph, the oil film pressure lubrication characteristics varied differently with an increase in micro-hemispherical depth at the same radius. This indicated that the oil film pressure lubrication characteristics are affected by the micro-hemispherical texture's depth. A different convergence gap is formed by different microtexture depths, which produced different hydrodynamic effects. The hydrodynamic effects of micro-hemispherical textures increased with an increase in depth, although beyond a certain range it decreased due to the initial oil film thickness. The optimal oil film lubrication characteristics could be obtained by the optimal micro-hemispherical texture depth.
The Influence of Microtexture's Depth on the Performance of the Valve Plate
The Influence of the Micro-Hemispherical Texture Depth on the Performance of Valve Plate
The oil film carrying capacity, friction force and offset load torque reached a maximum when the depth was 0.04 mm. The oil film friction coefficient reached its minimum at this point.
• The oil film carrying capacity, friction force and offset load torque reached their minimum when the depth was 0.07 mm. The oil film friction coefficient reached its maximum at this point.
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• The oil film carrying capacity, friction force and offset load torque reached a maximum when the depth was 0.04 mm. The oil film friction coefficient reached its minimum at this point.
•
The oil film carrying capacity, friction force and offset load torque reached their minimum when the depth was 0.07 mm. The oil film friction coefficient reached its maximum at this point. Figure 17 shows the influence of the micro-cylindrical texture depth on the performance of the valve plate. The depth varied from 0.02 to 0.07 mm. As we can see from the graph:
The Influence of Micro-Cylindrical Texture Depth on the Performance of a Valve Plate
• When the depth of the micro-cylindrical texture was 0.04 mm, the oil film carrying capacity, friction force, and offset load torque reached their maximum values, while the oil film friction coefficient reached its minimum value.
• When the depth of the micro-cylindrical texture was 0.07 mm, the oil film carrying capacity, friction force, and offset load torque reached their minimum, while the oil film friction coefficient reached its maximum. Figure 17 shows the influence of the micro-cylindrical texture depth on the performance of the valve plate. The depth varied from 0.02 to 0.07 mm. As we can see from the graph:
•
When the depth of the micro-cylindrical texture was 0.07 mm, the oil film carrying capacity, friction force, and offset load torque reached their minimum, while the oil film friction coefficient reached its maximum. Figure 18 shows the influence of the micro-square texture depth on the lubrication characteristics of a valve plate. The depth of the micro-cylindrical texture varied from 0.02 to 0.07 mm. As we can see from the graph:
The Influence of Micro-Square Texture Depth on the Performance of a Valve Plate
• When the depth of the micro-square texture was 0.04 mm, the oil film carrying capacity, friction force, and offset load torque reaches their maximum values, while the friction coefficient reached its minimum.
• When the depth of the micro-cylindrical texture was 0.07 mm, the oil film carrying capacity, friction force, and offset load torque reached their minimum values, while the friction coefficient reached its maximum.
(a) (b) Figure 18 shows the influence of the micro-square texture depth on the lubrication characteristics of a valve plate. The depth of the micro-cylindrical texture varied from 0.02 to 0.07 mm. As we can see from the graph:
• When the depth of the micro-cylindrical texture was 0.07 mm, the oil film carrying capacity, friction force, and offset load torque reached their minimum values, while the friction coefficient reached its maximum. 
Comparison of the Optimum Oil Film Pressure Lubrication Characteristics
The oil film lubrication characteristics of valve plates under pressure are better when a microtexture is used, compared to no microtexture. The study of tribological performance for three types of microtexture surface found that:
For a fixed microtexture radius, an increase in depth tends to lead to an initial increase then decrease in the dimensionless oil film carrying capacity, friction force, and offset load torque. The oil film friction coefficient has the tendency to decrease first and then increase. Furthermore, at a fixed microtexture depth, an increase in the microtexture radius or side length leads to the dimensionless oil film carrying capacity, friction force, and offset load torque first increasing first then decreasing. The oil film friction coefficient tends to decrease first and then to increase. This indicated that the optimal oil film lubrication characteristics could be obtained by optimizing micro-hemispherical texture depth. Figure 19 shows the oil film pressure lubrication characteristic curves at the optimal parameters. Table 6 shows the optimal oil film lubrication characteristic values.
(1) The dimensionless oil film carrying capacity was 19.71, 10.27 and 6.5, when the radius (half-side length) was 0.7 mm and the depth 0.04 mm for the micro-hemispherical texture, microcylindrical texture, and micro-square texture. At this point, the dimensionless friction coefficient reached its minimum. (2) The dimensionless oil film friction coefficient was 0.2571, 0.4821 and 0.6848 when the radius (half-side length) was 0.7 mm and the depth was 0.04 mm for the micro-hemispherical texture, micro-cylindrical texture, and micro-square texture respectively. At this point, the friction coefficient reached a minimum. 
(1) The dimensionless oil film carrying capacity was 19.71, 10.27 and 6.5, when the radius (half-side length) was 0.7 mm and the depth 0.04 mm for the micro-hemispherical texture, micro-cylindrical texture, and micro-square texture. At this point, the dimensionless friction coefficient reached its minimum. (2) The dimensionless oil film friction coefficient was 0.2571, 0.4821 and 0.6848 when the radius (half-side length) was 0.7 mm and the depth was 0.04 mm for the micro-hemispherical texture, micro-cylindrical texture, and micro-square texture respectively. At this point, the friction coefficient reached a minimum.
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Conclusions
In order to explore the influence of microtexture on the oil film pressure lubrication characteristics, we carried out the analyses described above. A valve plate with surface microtextures of different types and parameters, including hemispherical, cylindrical, and square, was modeled and compared to that with no microtexture. The oil film thickness and the pressure of the valve plate under different microtextures were derived and solved. The influence of the microtexture type on the oil film lubrication characteristics was analyzed. The simulation results showed that:
•
The oil film pressure of the valve plate pair increased at the convergence region anticlockwise. A smaller oil film thickness leads to greater oil film pressure, thus resulting in a greater load bearing capacity. Until the balance with the extrusion force, the cylinder is no longer tilted, the cylinder and the valve plate are completely separated by the lubricant, and a full fluid lubrication is theoretically formed. The presence of a microtexture increases the lubricant film thickness and decreases the friction force.
The oil film pressure lubrication characteristics of the valve plate pair is affected by the type of microtexture. Microtexture can effectively reduce the friction coefficient and improve the carrying capacity, which can significantly reduce the power loss and improve the efficiency of the valve plate pair.
• A hydrodynamic effect is produced by the convergence gap formed between the surface texture micro-pit of the valve plate and the surface of the cylinder block. The final hydrodynamic effect 
Conclusions
•
• The oil film pressure lubrication characteristics of the valve plate pair is affected by the type of microtexture. Microtexture can effectively reduce the friction coefficient and improve the carrying capacity, which can significantly reduce the power loss and improve the efficiency of the valve plate pair.
• A hydrodynamic effect is produced by the convergence gap formed between the surface texture micro-pit of the valve plate and the surface of the cylinder block. The final hydrodynamic effect of the lubrication oil film is affected by the shape and size of the convergence gap.
The lubrication characteristics of the valve plate are influenced by the different microtexture parameters and can be improved by optimizing the microtexture parameters. We were able to determine the optimal parameter combinations for three types of shapes. The degree of improvement in the dimensionless oil film pressure lubrication characteristics from highest to lowest was as follows: micro-hemispherical texture > micro-cylindrical texture > micro-square texture.
